Background: In order to effectively plan the delivery of immunization services, manage stock and supply levels and target interventions, national immunization programmes (NIP) must have an estimate of the target population they serve. To overcome challenges with target population estimation, some NIPs apply "rule-of-thumb" conversion factors to total population estimates. We compare these proportionate target population values with those from an external source. Methods: Using data reported by national immunization programmes in sub-Saharan Africa, we computed the proportionate target population as the number of births, surviving infants and children under 5 years of age, respectively, as a proportion of the total population size. We compared these values with those estimates computed from United Nations Population Division (UNPD) data. We then recomputed NIP target population sizes using the proportionate target population values from the UNPD applied to the total population size reported by NIP. 
Introduction
National immunization programmes are responsible for protecting children from vaccine preventable diseases. To effectively plan the delivery of immunization services, manage stock and supply levels and target interventions, programme managers must have an estimate of the target population they serve, which in most instances consists of the number of births, surviving infants and children under 5 years of age. However, accurate estimates for these population groups are extremely difficult to obtain in many settings, particularly in countries where the last census was more than 10 years ago (i.e., Angola, Central African Republic, Comoros, Democratic Republic of Congo, Equatorial Guinea, Eritrea, Madagascar, Somalia, Uganda) [1] .
To overcome this challenge, some national immunization programmes apply "rule-of-thumb" conversion factors to total population estimates, which are relatively more accurate than subnational or age-specific estimates, to obtain an estimated number of births, surviving infants and children under 5 years. These rule-of-thumb conversion factors represent proportionate target population values. The proportionate target population is the number of births (or surviving infants or children under 5 years) as a proportion of the total population size. A quick review of proportionate target population values computed from United Nations Population Division (UNPD) estimates and projections for all countries and territories as well as for sub-Saharan Africa highlight differences in magnitude and declines since the beginning of the Expanded Programme on Immunization in 1974 ( Figure  1) .
In this report we examine and describe proportionate target population values computed from national-level population data for 2013 reported by national immunization programmes in sub-Saharan Africa. We compared the values based on nationally reported data with those computed from UNPD estimates. We also recomputed target population sizes using the national proportionate target population values from the UNPD applied to the total population size reported by national immunization programmes. Finally, we recomputed coverage levels for the third dose of DTP containing vaccine (DTP 3 ) to examine the impact of differences in the proportionate target population values for sub-Saharan African countries reporting to the World Health Organization (WHO) and United Nations Children's Fund (UNICEF).
Methods

Immunization Target Population Data and Comparisons with an External Data Source
Each year WHO and UNICEF jointly collect national-level data on the incidence of selected vaccine-preventable diseases, immunization coverage, recommended immunization schedules, vaccine supply and other information on the structure, policies and performance of national immunization systems through the WHO/UNICEF Joint Reporting Form on Immunization (JRF). (Since 2000, more than 95% of WHO Member States have reported annually.) As part of this annual reporting exercise, national authorities also report the estimated number of children vaccinated according to administrative data (i.e., reports from health service providers) and the number of children in the national target population for each antigen in the national immunization schedule.
During 2014, countries from the WHO African Region reported the number of live births, surviving infants, children under 5 years of age and total population size used by the national immunization programme during 2013 on the WHO/UNICEF Joint Reporting Form. The appropriate target population for vaccines administered at birth (e.g., Bacille Calmette-Guérin or BCG; Hepatitis B birth dose) is the estimated number of live births in the country. For other vaccines, the target population most often used for computing coverage is the number of surviving infants. (NB. Some countries use the number of live births as the official denominator for computing coverage levels. Historically, countries with high infant mortality have chosen not to use the number of live births as a target population for vaccines administered after birth since an immunization programme's performance might not be accurately reflected in the presence of high infant mortality even if the programme was vaccinating each and every child that survived.) And, vaccination campaigns (e.g., measles) often target children under 5 years of age. We abstracted the national number of live births, surviving infants, children under 5 years of age and total population size for the 2013 reporting period as well as the national number of children vaccinated with three doses of DTP containing vaccine (DTP 3 ) obtained from national routine administrative data systems. Administrative data are based on aggregated reports from service providers to local health authorities of the number of vaccinations administered during a given period.
We also abstracted the national number of births, surviving infants, children under 5 years of age and total population size from public use files provided by the UNPD [2] . For both the nationally reported population data and that obtained from the UNPD, we divided the number of births by the total population size to obtain births as a proportion of the total population. We repeated this process for surviving infants and children under 5 years. We then computed the percent difference in the national proportionate target population values for births, surviving infants and children under 5 years between the nationally reported values compared to those computed from UNPD data.
Application of Proportionate Target Population and Implications for Coverage
To examine changes in coverage if one used the UNPD-based national proportionate target population values, we multiplied the total national population size reported by the national immunization programme by the proportionate target population values from the UNPD to obtain a recomputed national number of births, surviving infants and children under 5 years, respectively, for each country. Using the recomputed number of surviving infants as denominator and the nationally reported number of children vaccinated, we recomputed coverage for DTP 3 . We then compared the recomputed coverage level with the administrative coverage reported by national immunization programmes and describe the observed differences.
Results
Total Population
Data were available for 47 countries. Sudan, although geographically located in sub-Saharan Africa, reports to the WHO Regional Office for the Eastern Mediterranean rather than the WHO Regional Office for Africa and therefore total population size and the number of children under 5 years was not reported by the Sudan immunization programme to WHO or UNICEF for this exercise. Somalia, geographically located in sub-Saharan Africa reporting to the WHO Regional Office for the Eastern Mediterranean, was an exception to the annual reporting process and data availability for this exercise as a WHO/UNICEF Joint Reporting Form that provided the total population size and number of children under 5 years was submitted by Somalia through UNICEF.
Relative differences in total population reported by national immunization programmes compared to those estimated by UNPD ranged from 0.2% (Botswana) to 39.7% (Eritrea) with a median percent difference of 5.7% (IQR: 2.7% -8.2%). The percent difference (absolute value) in total population between the two sources was less than 5% in 22 (47%) of 47 countries and exceeded 15% in five countries (Burundi, 20.7%; Côte d'Ivoire, 17.1%; Democratic Republic of the Congo, 28.1%; Eritrea, 39.7%; Gabon, 20.1%).
Proportionate Target Population: Births, Surviving Infants, Children under 5 Years
Births as a proportion of the total population based on reports from national immunization programmes ranged from 0.0104 (Mauritius) to 0.0583 (Niger) with a median value of 0.0400 (IQR: 0.0350 -0.0437) ( Table 1) . Proportionate target population values for births based on UNPD data ranged from 0.0115 (Mauritius) to 0.0499 (Niger) with a median value of 0.0364 (IQR: 0.0332 -0.0406).
Surviving infants as a proportion of the total population based on reports from national programmes ranged from 0.0179 (Seychelles) to 0.0536 (Niger) with a median value of 0.0360 (IQR: 0.0328 -0.0402) ( Table 1) . Comoros, Mauritius, Senegal and South Africareported the number of births for surviving infants rather than a separate value. Surviving infants as a proportion of the total population per UNPD data ranged from 0.0113 (Mauritius) to 0.0473 (Niger) with a median value of 0.0337 (IQR: 0.0312 -0.0379).
Children under 5 years of age as a proportion of the total population based on reports from national programmes ranged from 0.0567 (Mauritius) to 0.2391 (The Gambia) with a median value of 0.1735 (IQR: 0.1514 -0.2000) ( Table 1) . In contrast, values based on UNPD data ranged from 0.0564 (Mauritius) to 0.2072 (Niger) with a median value of 0.1594 (IQR: 0.1470 -0.1759).
The relative (percent) difference between the proportionate target population values, from data reported by the national immunization programmes and those from the UNPD, is shown for each country in Table 1 . For births, the percent difference (absolute value) in the proportionate target population values ranged from 0.4% (Sao Tome and Principe) to 38.1% (Namibia) with a median value of 9.7% (IQR: 3.2% -16.9%). The percent difference in proportionate target population for births, comparing values from reported data to those from UNPD estimates, was <10% in 24 (51%) of 47 countries (difference < 0:8 countries; difference > 0:16), 10% -19.9% in 16 (34%) countries (difference < 0:3; difference > 0:13) and 20% or more in seven(15%) countries (difference < 0:1; difference > 0:6). For surviving infants, the percent difference (absolute value) ranged from 0.4% (United Republic of Tanzania) to 36.2% (Namibia) with a median value of 8.5% (IQR: 2.9% -13.2%). The percent difference in proportionate target population values for surviving infants was <10% in 29 (62%) of 47 countries (difference < 0:8 countries; difference > 0:21), 10% -19.9% in 13 (28%) countries (difference < 0:5; difference > 0:8) and 20% or more in five (11%) countries (difference < 0:0; difference < 0:5). Finally for children under 5 years, the percent difference (absolute value) ranged from 0.9% (Rwanda) to 44.6% (Sierra Leone) with a median value of 7.1% (IQR: 3.7% -13.4%). The percent difference in proportionate target population values for children under 5 years was <10% in 32 (68%) of 47 countries (difference < 0:8 countries; difference > 0:24), 10% -19.9% in eight (17%) countries (difference < 0:1; difference > 0:7) and 20% or more in seven (15%) countries (difference < 0:0; difference > 0:7). The percent difference in proportionate target population was <10% for births, surviving infants and children under 5 years in 16 of 47 countries.
Re-Computed Target Population Estimates
We recomputed the estimated number of births, surviving infants and children under 5 years for each country using the proportionate values from the UNPD data and the total population values reported by the national immunization programmes ( Table 2) . We also display the expected directional change (increase or decrease) in coverage levels if coverage were calculated using a recomputed target population values shown in Table 2 compared to those reported to WHO and UNICEF for a given number of children vaccinated. For example, if a country reported vaccinating 90 children in a target population of 100 children, then the resultant coverage level is 90%. Using the same numerator (e.g., 90 children vaccinated)and re-computing the target population, if the target population size increases compared to the original report, then expected coverage level would decrease and vice versa. Figure 2 displays a comparison of reported administrative coverage levels for the third dose of DTP containing vaccine with those based on a recomputed target population using the UNPD-based proportionate target population value for surviving infants applied to the national immunization programme reported total population. Keep in mind if there was no difference between the compared coverage levels, data points would fall along the 45-degree diagonal.
Implications for Immunization Coverage Levels
Reported administrative DTP 3 coverage levels were <50% in 3 countries, 50% -79% in 9 countries, 80% -89% in 11 countries, 90% -99% in 19 countries, and >100% in five countries. The utilization of the recomputed Table 2 . Number of births, surviving infants (SI) and children under 5 years (U5y) recomputed using the respective proportion of total population from the United Nations Population Division applied to the national immunization programme reported total population estimate for 2013 for 47 sub-Saharan African countries. Arrows indicate the expected directional change, either increase (↑) or decrease (↓), in coverage levels for a given number of children vaccinated due to a change in the target population size based on the application of the proportionate population size from the UNPD estimates applied to the total population reported by the national immunization programme as compared to the estimated target population size reported by national immunization programmes.
Figure 2.
Comparison of administrative coverage for the third dose of DTP containing vaccine based on a recomputed target population using the proportionate target population value from the UNPD applied to the national immunization programme reported total population with reported administrative coverage in 47 sub-Saharan Africa countries for 2013.
target population of surviving infants resulted in lower coverage levels in 13 countries while coverage levels increased in 33 countries, with 17 countries having coverage levels >100%. Coverage did not meaningfully change in one country. The difference between the reported administrative coverage and the recomputed cover-age exceeded 5% points in 28 of 47 countries (shown in red in Figure 2 ).
Discussion
National estimates of births, surviving infants and children under 5 years of age as a proportion of the total national population vary widely across sub-Saharan African countries. We are unaware of any prior work that has described and compared proportionate target population estimates used by immunization programmes to an external source. At the beginning of the Expanded Programme on Immunization in 1974, births and surviving infants as a proportion of the total population in sub-Saharan Africa countries averaged 4.72% and 4.11%, respectively. By 2013, these values declined to 3.78% and 3.52% for sub-Saharan African countries. The national immunization programme in several countries (appear to) continue to use fixed proportionate target population values (e.g., births = 4% of total population in DRC, Ghana, Guinea, Nigeria, Sierra Leone, Somalia and South Sudan; births = 5% of total population in Angola and Zambia; children under 5 years = 20% of total population in Angola, Congo, Ghana, Guinea, Mali, Somalia, South Sudan, Togo, Zambia). Not only can the use of constant proportionate target population values over time present challenges for immunization programme monitoring [3] , but inaccuracies in the magnitude of the proportionate target population used may create problems for programme planning.
Comparisons of target proportionate population size based on data reported by national immunization programmes to WHO and UNICEF with values computed from UNPD estimates observed a tendency for immunization programme estimates to be larger than UNPD estimates. Among the five largest countries (based on total population), differences in reported number of births and surviving infants compared to values based on multiplying proportionate population values from the UNPD to nationally reported total population were <10%. Although the application of the proportionate target population values from the UNPD to the national immunization programme reported national total population reduces the variance to that observed between the nationally reported total population and the UNPD total population, the implication for many countries if they were to use these values would be an implausible immunization coverage level that exceeds 100%. Only three of the 17 countries with recomputed administrative coverage levels >100% shown in Figure 2 actually reported a coverage value >100%. This may suggest problems with numerator data and highlight the need for equally appropriate attention to critically assessing the accuracy of the number of children vaccinated.
The availability of external sources of population data, such as that from the United Nations Population Division, does not represent a solution for inaccuracies that may exist in the national population estimates available to immunization programmes, but they can serve as a useful tool for assessing those inaccuracies and provide useful information for establishing operational envelopes or signals for further investigation. Ideally, immunization programme staff work closely with their technical counterparts in the national statistics system to make use of the latest census data and population projections in order to obtain estimates of births and surviving infants that are more appropriate than using a constant proportionate target population value over time. Anecdotally we know that this is often not the case.
Given the dramatic changes in fertility and in neonatal infant and under-5 mortality since the beginning of the Expanded Programme on Immunization, as well as expected changes between now and mid-century, national immunization programmes confront an on-going challenge to effectively plan the delivery of immunization services, manage stock and supply levels and target interventions. This is particularly so for the programmes in sub-Saharan Africa, which will account for one in every three children born by 2050 [4] . Because childhood immunization-related target populations are among the more difficult ones to accurately estimate, immunization programmes in sub-Saharan Africa are encouraged to include a critical assessment of target population values, in conjunction with the national statistics system, as part of the on-going programme monitoring process. In addition, consideration may be given to include training exercises in such assessments within mid-level programme manager continuing education workshops. Further work is needed to describe different approaches that have proved successful in fostering technical collaborations between national immunization programmes and their counterparts in national statistical systems.
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